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VACCIKES 



gPJEMION OF HETEROLOGOUS PROTEIKS IN ATTENUATED BACTERIA USING THE HTRA- 

This Invention relates to OKA coiutncts, replicable 
expression vectors containing the construct*, attenuated 
bacteria containing the construct* and vaccinas containing the 
said bacteria. 

In recent years, there has emerged a new generation of 
live oral salmonella vaccines based upon strains of 
Salmonella which have been attenuated by the introduction of 
a non-reverting mutation in a gene in the aromatic 
biosynthetic pathway of the bacterium. Such strains are 
disclosed, for example, in EP-A-0322237. The aforesaid live 
oral salmonella vaccines are showing proml.e as vaccines for 
salmonellosis in man and animals, and they can also be used 
affectively as carrier* for the delivery of heterologous 
antigens to the immune system. Combined salmonella vaccines 
have been used to deliver antigens from viruses, bacteria, and 
parasites, eliciting secretory, humoral and cell-mediated 
immune response* to the recombinant antigens. Combined 
salmonella vaccines show great potential as single dose oral 
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multivacclne delivery systems [C. Kormaeche et al, FEKS 
Symposium No. 63, Plenum, New York; pp 71-83, 1992]. 

There are problems to be overcome in the development of 
combined salmonella vaccines. A major consideration is 
obtaining a high level of expression of the recombinant 
antigen in the salmonella vaccine so that it will be 
sufficient to trigger an immune response. However, 
unregulated high level expression of foreign antigens can be 
toxic and affect cell viability (I. Charles and C. Dougan, 
TIBTECH 8, pp 117-21, 1990], rendering the vaccine ineffective 
or causing loss of the recombinant DNA. Several possible 
solutions to this problem have been described, such as 
expression from plasm ids carrying essential genes, "on-off" 
promoters or incorporation of the foreign genes into the 
salmonella chromosome. 

An alternative approach to overcoming the aforesaid 
problem would be to use a promoter which is inducible in vivo, 
and one such promoter is the E.coll nitrite reductase promoter 
ntrB which is induced under anaerobiosis . Vaccine 
compositions containing bacteria transformed with constructs 
comprising the nlrB promoter are described in our earlier 
International Patent Application PCT/GB93/01617. 

The present Invention relates to the preparation of OKA 
constructs containing a different inducible promoter, namely 
the promoter for the htrA gene which encodes a stress induced 
protein. 
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The h_trA gene is described tn K. Johnson et al 
Mol. Microbiol 1991; 5:401-7 end references cited therein and 
1» in example of a gene encoding a heatshock protein which is 
produced in response to a temperature Increase above 42 'C. 

Accordingly, in a first aspect, the invention provides a 
DNA construct comprising toe htrA promoter sequence op.rably 
linked to a DKA sequence encoding one or more heterologous 
proteins. 

Za on. embodiment, the invention provides a DNA construct 
« hereinbefore defined wherein the htrA promoter sequence is 
operably litt j«d to a DNA sequence encoding a fusion protein of 
two or more heterologous proteins. 

The proteins making up the fusion may be linked by means 
of a flexible hinge region. 

In a further aspect, the Invention provides a DHA 
construct comprising the htrA promoter sequence op.rably 
linked to a DNA sequence encoding first and second 
heterologous protein, wherein the first heterologous protein 
ie an antigenic sequence comprising tetanus toxin fragment C 
or one or mora epitopes thereof. 

In a further aspect, the Invention provides a replicable 
expression factor, suitable for use In bacteria, containing a 
DNA construct as hereinbefore defined. 

In another aspect, the invention provide, a fusion 
protein, preferably in substantially pure form, the fusion 
protein being expressed by a construct as hereinbefore 
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defined. 

In a further aspect, the invention provides a process for 
the preparation of an attenuated bacterium which comprises 
transforming an attenuated bacterium with a DNA construct as 
hereinbefore defined. 

In a still further aspect, the invention provides a host 
cell, such as a bacterial cell, containing a DNA construct as 
hereinbefore defined. The DNA construct may be present in 
extra-chromosomal form, e.g. m a plasmid, or may be 
integrated into the host (e.g. bacterial) chromosome by 
methods known per se . 

The invention also provide. « vaccine composition 
comprising an attenuated bacterium as hereinbefore defined, or 
a fusion protein expressed therefrom, and a pharmaceutical^ 
acceptable carrier. 

The first and second proteins are preferably 
heterologous proteins and In particular can be polypeptide 
immunogens; for example they may be antigenic sequences 
derived from a v iru ., bacterium, fungu., yeast or parasite. 
In particular, it is preferred that the first said protein is 
an antigenic sequence comprising tetanus toxin fragment C or 
epitopes thereof. 

The second protein 1. preferably an antigenic determinant 
of a pathogenic organism. For example, the antigenic 
determinant may be an antigenic sequence derived from a virus, 
bacterium, fungus, yeast or parasite. 
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Examples of viral antigenic sequences for the first 






and/or second heterologous proteins are sequences derived from 






a type of human immunodeficiency virus (HIV) such as KIV-1 or 






HIV-2, the CD4 receptor binding site from HIV, for example 






from HIV-l or -2, hepatitis A, 8 or C virus, human rbinovlrus 






such as type 2 or type 14, Herpes simplex virus, poliovirus 






type 2 or 3, foot-and-mouth disease virus (FMDV), rahlea 






virus, rotavirus, influenra virus, coxsackie virus, human 






papilloma virus (HPV), for example the type 16 papilloma 






virus, the E7 protein thereof, and fragments containing th. E7 






protein or its epitopes; and simian immunodeficiency virus 






(SIV). 






Example, of antigens derived from bacteria are those derived 


• 




from Bordatella pertussis (e.g. P69 protein and filamentous 






hemagglutinin ( FHA) antigens). Vibrio choler.e. Bacillus 






«£hE£cls, and E^coli antigens auch as E.coll heat Labile 






toxin B subunit ( LT-B) , E.coll KS8 antigens, and 






enterotoxigenic E^coli antigens. Other examples of antigens 






include the cell surface antigen CM, Schistosoma B « 






glutathione S-transf.ras. antigens (P28 antigens) and antigens 






of fluke,, mycoplasma, roundworms, tapeworms, Chlamvdia 






trachomatis, and malaria parasites, eg. parasite, of the genus 




) 


Plasmodium or babesia, for example Plasmodium faieio.™, „„„ I 






peptides encoding immunogenic epitope, from the aforementioned ' 






antigens. 






. Particular antigens include the full length Schistosoma 
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mansoni P2S. and oligomer* f«g- ? r * Miners) of the 






immunogenic P28 ea 115-131 peptide (which contains both a S 






and T call epitope), and human papilloma virus E7 protsin. 






Herpes simplex antigens, - foot and mouth disease virus 






antigens, simian immunodeficiency virus antigens, and the 




■ ' ') 


diphtheria toxin antigens, e.g. the diphtheria toxin 




ganglioside binding region. 






As used herein, references to the htrA promoter refer to 






the promoter Itself or a part or derivative thereof which Is 






capable of promoting expression of a coding sequence. The 






preferred sequence, and which contains the htrA promoter is: 






AATTCTATTCCCCAACTTCGCGTTATAAAATGAATCTGACGTACACACCAATTTA 






(SEQ.ID.NO. 1) 






In the constructs of the present invention, the DNA 






sequence may encode a fusion protein of two or more proteins 






in . which adjacent proteins are separated by a hinge region. 






The hinge region is a region designed to promote the 






independent folding of both the first and second proteins by 






providing both spatial and temporal separation between the 






domains. 






The hinge region typically is a sequence encoding a high '■"""* '; 






proportion of proline and/or glycine amino acids. The hinge 






region may be composed entirely of proline and/or glycine 






amino acids. The hinge region may comprise one or more 






glycine-proline dipeptida units. 






The hinge region may, for example, contain up to about 
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fifteen amino acids , for example at least 4 and preferably 6- 
14 amino acids, the number of amino acids being such as to 
impart flexibility between the first and second proteins. 

In one embodiment, the hinge region can correspond 
substantially to the hinge domain of an antibody 
Immunoglobulin. The hinge regions of IgC antibodies la 
particular are rich in prolines [T.£. Michael son et al. J. 
Biol. Chen. 252, 883-9 1977J, which m thought to provide a 
flexible joint between the antigen binding and tail domains. 

Without wishing to be bound by any theory, the prolines 
are thought to form the rigid part of the hinge as the ring 
structure characteristic of this amino acid hinders rotation 
around the peptide bond that connects the proline residue with 
an adjacent amino acid. This property is thought to prevent 
proline, and adjacent residues, from adopting the ordered 
structure of an alpha helix or beta strand. Flexibility is 





thought to be imparted by glycine, the simplest amino acid. 






with very limited steric demands. Glycine is thought to 






function as a flexible elbow in the hinge. Other amino acids 






may be substituted for glycine, particularly those without 






bulky side-chains, such as alanine, serine, asparagine and 






threonine. 






In one preferred embodiment, the hinge region Is a chain 






of four or more amino acids defining the sequence 


h 




-[X) r Pro-{Y) r Pro-[Z] r 






wherein Pro is proline, X and Y are each glycine, or an amino 

• 




r-' 
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acid having a non-bulky side chain; Z is any amino acid; p is 






a positive integer; q is a positive integer of from one to 






ten; and r is xero or a positive integer greater than zero. 






The hinge region can be a discrete region heterologous to 






both the first and second proteins or can be defined by e 






carboxy-end portion of the first protein or an amino- end 




i 


portion of the second protein. 






In a most preferred aspect, the present invention 






provides a DMA molecule comprising the htrA promoter operably 






linked to a DNA sequence encoding first and second polypeptide 






Inmtunogens linked by a hinge region, wherein the first 






polypeptide lmmunogen comprises tetanus toxin fragment C or 






epitopes thereof. 






In another preferred aspect of the invention, there is 






provided a rep U cable expression vector, suitable for use in 






bacteria, containing the htrA promoter sequence operably 






linked to a DNA sequence encoding first and second polypeptide 






immunogens linked by a hinge region, wherein the first 






polypeptide immunogen comprises tetanus toxin fragment C or 






epitopes thereof. 






In a further aspect, the invention provides a DNA 






construct comprising the htrA promoter operably linked to DMA 






encoding a first protein and, extending from the 3 ' end 






thereof a DNA sequence encoding the hinge region, and 






downstream thereof, one or more restriction endonuclease 






sites. 
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The said protein is preferably an antigenic protein as 
hereinbefore defined, and in particular is the TetC fragment 
or epitopes thereof. 

Stable expression of the first and second heterologous 
proteins linked by the hinge region can be obtained in vivo . 
The hetarologou. proteins can be expressed in an attenuated 
bacterium which can thus be used as a vaccine. 

The attenuated bacterium nay be selected from the genera 
Salmonella , Bordetella, Vibrio, Haemophilus , neisseria and 
Yersinia . Alternatively, the attenuated becterium nay be an 
attenuated strain of enterotoxigenic Escherichia mil m 
particular the following species can be mentioned: S. typhi - 
the cause of human typhoid; S . tvphimuri^ - the cause of 
salmonellosis in several animal species; S.entexitidl. - a 
cause of food poisoning in humans; S . chol.raestii* - a cause of 
salmonellosis In pigs; Bordetella B arf»..i. _ ^ cause Qf 
whooping cough; Haemophilus influanra. a cause of meningitis; 
Neisseria gonorrhoeae - the cause of gonorrhoea; and Yersinia 
- a cause of food poisoning. 

Attenuation of the bacterium may be attributable to a 
non-reverting mutation in a gene in the aromatic amino acid 
biosynthetic pathway of the bacterium. There are at least ten 
genes involved in the synthesis of chorismate, the branch 
point compound in the aromatic amino acid biosynthetic 
pathway. Several of these map at widely differing locations 
on the bacterial genome, for example^ aroA (5- 
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enolpyruvylshikimate-3-phosphate synthase), aroC (chorismate 
synthase), aroD ( 3-dihydroguinate dehydratase) and aroE 
(ahikimate dehydrogenase). A mutation may therefore occur in 
the aroA. arpC, aroD, or aroE gene. 

Preferably, however, an attenuated bacterium harbours a 
non-reverting mutation In each of two discrete genes la its 
aromatic amino acid biosynthetic pathway; or harbours a non- 
reverting mutation in its aromatic biosynthetic pathway and a 
non-reverting mutation in a regulatory gene such as htrA, OmpR 
or Ogmc. Examples of suitable attenuated bacteria are 
disclosed in, for example, EP-A-0322237, and EP-A-0400958 . 

An attenuated bacterium containing a ONA construct 
according to the invention can be used as a vaccine. Fusion 
proteins (preferably in substantially pure form) expressed by 
the bacteria can also be used in the preparation of vaccines. 
For example, a purified TetC-P28 fusion protein has been found 
to be immunogenic on its own. In a further aspect therefore, 
the invention provides a vaccine composition comprising a 
pharmaceutical^ acceptable carrier or diluent and, as active 
ingredient, an attenuated bacterium or fusion protein as 
hereinbefore defined. 

The vaccine may comprise one or more suitable adjuvants. 
The vaccine is advantageously presented in a lyopbilised 
form, for example in a capsular form, for oral administration 
to a patient. Such capsules may be provided with an enteric 
coating comprising, for example, Eudragit "S*. Eudragit "L-, 
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Cellulose acetate. Cellulose . acetate pbthalate or 
Hydroxyp ropy lme thy 1 Cellulose. These capsules may be used as 
such, or alternatively, the lyophilised material nay be 
reconstituted prior to administration, e.g. as a suspension. 
Reconstitution is advantageously effected In buffer at a 
suitable pH to ensure the viability of the organisms, in 
order to protect the attenuated bacteria and the vaccine fro* 
gastric acidity, a sodium bicarbonate preparation is 
advantageously administered before each administration of the 
vaccine. Alternatively, the vaccine may be prepared for 
parenteral administration, intranasal administration 
intramammary administration. 

Preferably, the vaccine composition is adapted for 
mucosal delivery, eg by oral administration, by Intranasal 
administration or by intrabronchial administration. 

The attenuated bacterium containing the DKA construct of 
the invention may be used in prophylaxis or treatment of a 
host, particularly a human host but also possibly an animal 
host. An infection caused by a micro-organism, especially a 
pathogen, may therefore be prevented by administering an 
effective dose of an attenuated bacterium according to the 
invention. The bacterium then expresses a heterologous protein 
or proteins capable of raising antibody to the micro-organism. 
The dosage employed will be dependent on various factors 
including the size and weight of the host, the type of vaccine 
formulated and the nature of the heterologous* protein. 
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An attenuated bacterium according to the presant 
invention may be prepared by transforming an attenuated 
bacterium with a DMA construct as hereinbefore defined. Any, 
suitable transformation technique may be employed, such as 
electroporatlon. In this way, an attenuated bacterium capable 
of expressing a protein or proteins heterologous to the 
bacterium may be obtained. A culture of the attenuated 
bacterium may be grown under aerobic conditions. A sufficient 
amount of the bacterium is thus prepared for formulation as a 
vaccine, with minimal expression of the heterologous protein 
occurring. 

The expression vector is provided with appropriate 
transcriptional and trans lational control elements including, 
besides the htrA promoter, a transcriptional termination site 
and trans lational start and stop codons and an appropriate 
rlbosome binding site is provided. The vector typically 
comprises an origin of replication and, if desired, a 
selectable marker gene such as an antibiotic resistance gene. 
The vector may be, for example, a plasmid. 

The invention will now be illustrated, but not limited, 
by reference to the following examples, and the accompanying 
drawings, in which: 

Figure 1 is a schematic illustration of the construction 
of a plasmid pHTRAl containing the htrA promoter in accordance 
with one aspect of the invention; 

Figure 2 is a schematic illustration of the construction 



SUBSTITUTE SHEET (RULE 26) 



WOM/20C65 



PCT/CBWW9* 



13 

of a plasmid PHTRA2 containing the htrA promoter and DMA 
encoding the tetanus toxin C-fragment linked to a hinge 
region; 

Figure 3 illustrates the structure of the plasmid pTECH2; 

Figure 4 illustrates the structure of the intermediate 
plasmid pBO907; 

Figure S shows the structure of the plasmid pHTRAl 
prepared in accordance with the scheme shown in Figure 1; 

Figure 6 shows the structure of the product plasmid 
PHTRA2 prepared in accordance with the scheme shown in Figure 
2; 

Figures 7A to 7B illustrate the influence of temperature 
shifts on the promoters nlrB . groE and hrtA : and 

Figure 6 shows the expression of lacz from htrA . nlrB and 
groE in macrophages. 

EXAMPLE 1 



Preparation of htrA-TmtC-Hing* Construct 

As can be seen from Figure 1, the starting material for 
the preparation of a vector containing the htrA promoter and 
genes coding for the tetanus toxin C fragment was the plasmid 
pTETnirlS, the structure and preparation of which is disclosed 
in our earlier application PCT/GB93/01617 (Publication No. WO 
94/03615) and references cited therein, e.g. WO-A-92159689 . 

The pTETnirlS plasmid contains the nirB promoter linked 
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to the gene encoding the C-fragm.nt of tetanus toxin (TetC). 
As shown in Figure 1, pTETnirlS was digested with SacII and 
BamHI and the resulting 2.9kb and 813bp fragments were gel- 
purifted. The 2.9kb fragment was ligated with a 1.74kb 
fragment derived from the B. ner*n.«<, flluuuCow 
haamagglutinin ( FHA ) gene, the fragment having the sequence 
shown in SEO.IO.N0.7. The resulting plaamid was designated 
PBD907 and the restriction map of the plasmid is shown in 
Figure 5. The purpose of preparing the intermediate plasmid 
PBD907 was to remove the EcoRI site present in the TetC 
fragment in order that the nirB promoter sequence could he 
replaced by the htrA promoter sequence. This was achieved by 
digesting plasmid pBD907 with EcoRI and Belli . Tho re8U lting 
453Sbp fragment was gel-purified and ligated with the 
following SSbp oligonucleotides containing the htrA promoter: 



' ^TTCTATTCCCCAACTTCCCGTTATJUMTCAATCTCACCT 



011go-l S* 
(SEO.ID.NO.2) 
Oligo-2 3' "TAACOXrraiACCC^^ 
<SEQ. ID.K0.3) 



The presence of the promoter in the resulting 
intermediate plasmid pINT was confirmed by OKA sequencing. 
The plasmid pIHT was then digested with SacII and BamHI I and 
ligated to the 613bp fragment from pTETnirlS to form plasmid 
ptfTRAl . The 0«A sequence of pHTRAl is shown in SEQ.ID.N0.4; 
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tb« htrA region which Is defined by the first SS base pairs, 
has the sequence 

AATTCTATTCCCCAACTTCCCGTTATAAAATGAATCTGACGTACACAGCAATTTA 
(SEQ.ID.KO.l) . 

lo relation to SEQ.ID.NO.4, GAACTT is -35 box, and TCTGA 
is -10 bo*. At 513 and 2235 base pairs respectively are SacII 
and AlwN l restriction sites. 

Plasmid pHTRAl was used to transform Salmonella tvphimuj-ium 
strain BROS 09 (deposited under accession number NCTC . . . . ) and 
the resulting strain, designated BRD935, was checked for 
expression of TetC fragment by standard methods. Strain 
BRD93S has been deposited at the National Collection of Type 
Cultures, Col indole, United Kingdom on... under the accession 
number ) . 

As shown in Figure 2, plasmid pHTRAl was used to prepare 
a modified construct in which a -hinge* region is present at 
the C- terminal of the TetC fragment. The nucleotide sequence 
representing the "hinge" region was obtained from plasmid 
PTECH2 which has the OKA sequence set forth in SEQ.ID.NO.5, 
and possesses SacII and AlwMI restriction sites at positions 
533 and 2304 respectively. The preparation of this plasmid Is 
disclosed in our earlier Application PCT/GB93/01617 
(Publication No ) 

The pTECH2 plasmid comprises the nirB promoter region 
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linked to the tetanus toxin C fragment which, at its 3' 
terminal, is linked via a BamHI restriction site to a hinge 
region encoded a Gly-Pro-Cly-Pro repeat motif along with a 
number of restriction sites allowing the Insertion of genes 
encoding further polypeptides. A i.7kb fragment encoding the 
hinge region and part of the tetanus toxin C fragment region 
was removed from pTECH2 through digestion with SacII and Alwwi 
and purified. The DHA sequence of the resulting fragment is 
shown in SEQ. ID. NO. 6 . 

Plasmid pHTRAl, which encodes the htrA promoter and the 
tetanus toxin C fragment, but includes no hinge, was digested 
with SacII and AlwN I and the resulting 2kb fragment was gel- 
purified. 

The 1.7kb fragment (SEQ. ID. NO. 6 J from pTECK2 and the Zkb 
fragment from the pHTRAl were ligated to form plasmid pHTRA2 
which incorporates a htrA promoter operably linked to the gene 
for tetanus toxin c fragment, having at the 3' terminal 
thereof the hinge region. 

An attenuated Salmonella typhtmurlun, strain was 
transformed with vector pHTRA2 and after selection by means of 
standard techniques, the salmonella strain BRD1062, harbouring 
the plasmid pHTRA2 was Isolated. 

Plasmid pHTRA2 serves as an intermediate for the 
preparation of constructs coding for a fusion protein linked 
by the hinge region. Thus, In accordance with the techniques 
described in our earlier Application No. PCT/GB93/01617, 
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further proteins can be clonad into the restriction 
endonudease sites on the hinge region. 

MATERIALS AMD METHODS 

Bacterial Str»in« 

E - COli HB101 *°<S BRD509 (an attenuated S. typhi murium aroA 

*roD strain (Deposited under accession number KCTC ) were 

used throughout the experiments . The bacteria were grown in 
Luria. broth (LB) or LB solidified with 1.6% w/v «g, r 
supplemented with appropriate antibiotics. 

DMA Manipulations 

Plasmld DNA was purified by the alkaline lysis method (R. 
Kaniatls, et al., 1982 Molecular Cloning - a Laboratory 
Manual, Cold Spring Harbor Laboratory, Mew York). Restricts* 
DHA fragments were purified from agar gels by the method of 
Tauts and Rentz (1983, -An optimised freeze-squeeze method for 
the recovery of DNA Fragments from agarose gels". Analytical 
Bioehem., 132, 14-19). Restriction enzymes were supplied by 
Boehringer Mannheim, Germany and New England Biolabs, USA and 
were used according to the manufacturer's instructions. 

DNA Sequencing * 
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DNA for double stranded sequencing was Isolated by the method 
of Stephen et al. (1990, A Rapid Method for Isolating High 
Quality Plasaid DNA Suitable for DNA Sequencing, Nuclei c Acid 
Research, 18, No. 24, p 7463). Sequencing was carried out 
using a Sequenase Version 2 kit (USB) and was used according 
to the manufacturer's instructions. 

Oligonucleotide 

These were synthesised on a SAM1 oligonucleotide synthesiser 

(Biolabs, UK). 

EXAMPLE 2 

Preparation of htrA - IocZ Construct 

The properties of the htrA promoter were composed with 
two other inducible promotors, namely the nlrB and groE 
promoters . 

8ub-clonlng of lac* downstream to nlrB . htrA and oxo« 
promoters 

A DNA f ragman t encoding a promoterleas lac2 gane was 
purified from plasmld pMAC187l (Pharmacia) by the low melting 
point agarpse technique, following cleavage of the plasmid 
with restriction enzymes Sail and BaaHI [14]. Plasmlds 
pTETnir-15 IS.lt. Chatfleld et aJ, Bio/Technology io, 888-892) 
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and pTEThtrA-l harbour lag the nirB and htrA promoters 
respectively, were digested with Sell and BamHI endonucleases 
and the purified lacZ encoding fragment was cloned, in- frame, 
downstream of the promoters. Plasmid pRZ-PES was used to 
measure expression of 8-galactosldase (6-gai) from the grbE 
promoter. pRZ-PES contains the £. coli groZ -operon promoter 
upstream of qroES and lacZ genes. It was constructed by sub- 
cloning a 2.1 Kb EcoRI-Hindlll fragment carrying the operon 
from plasmid pOF39 CO. Fayet at ai J. Bacterid. 171, 1379- 
13BS (1989)1 into pUC19. A novel BolII site was then 
Introduced between the qroES and oroEL genes using site 
directed mutagenesis. The EcoRI-Bglll fragment carrying the 
groE promoter and qroES gene was cloned into EcoRI -BamHI cut 
promoter -probe plasmid pRF52S5 [P.F.' Lambert ec ai J. 
Bacteriol. 162, 441-444 (19SS)] to give plasmid pRZ-PES. 
Plasmlds, prepared in S. typhimurium LBS010 (r"m») [L.R. Bullae 
et ai J. Bacteriol. 256, 471-474 (1983)}, were introduced into 
S. tvphlmurlum strain BRD915 ( S. typhimurium SL1344 htrA ) 
tS.K. Chatfield et ai Hicrobial Pathog. 12, 145-151 (1992)] 
using electroporation. Lac positive recombinants were 
screened on L agar plates containing ampiclllin and X-gal. 

Effect of changes in environmental conditions on lacZ 
expression 

Bacterial strains harbouring the recombinant plasmlds 

were grown overnight in L -broth, with skaing at 30*C. The 
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cultures were diluted 1:50 end growth was allowed to continue 
for an additional 3 hours at 30 *C until an OD m of 2.8-3.4 was 
reached. 0.2 ml of each culture was stored at 4*C and used to 
determine the base-line of 6-gal activity. The remaining 
portions of the cultures were then shifted to different growth 
conditions as described below and samples were taken at 0, 2, 
4, 6 and 24 hours, unless otherwise specified. At each time 
point the 0D W was determined and the bacteria were stored at 
4"C prior to performing a 8 -gal assay. 

Measuring expression in Infected HEp-2, Caco-2 and THP 1- 
macrophage cell lines 

Cells were seeded at approximately 10 s cell per well in 
twenty four well plates and grown overnight in Oolbecco's 
modified Eagles medium, without phenol red ( ICK Flow), 
supplemented with 10% (vol/ vol) fetal calf serum and 2 mH 
glutamine at 37"C, in an atmosphere of 5% COj. 10* CFU 
bacteria of the diluted oversight culture were added to the 
tissue culture cells and incubated at 30* C. At various time 
points samples of the tissue culture medium were taken to 
measure S-gal activity in the extra cellular bacteria. The 
numbers of bacteria in each sample were determined by viable 
count and the corresponding OD^, was determined using a 
standard curve. Infected cells were washed with phosphate 
buffer saline (PBS) and Incubated for an additional hour in 
the presence of 200 mg/ml of gentamicin to kill extra cellular 
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bacteria. Thereafter, the cells were lysed using atariXe 
distilled watar and vigorous pipetting. e-gal activity was 
determined for aach call lysate. The numbers of bacteria in 
each lysate were determined by viable count and the 
corresponding OD, w values wara determined using a standard 



curve. 



RESULTS 

Expression from each of the promoters selected for this 
study is sensitive to changes in environmental conditions. 
nirB has been shown previously to respond to changes in 
anaerobiclty. Initial experiments were performed to assess 
the levels of lacZ expression from each of the promoters, 
resident on similar multicopy plasmids, harboured within 
Salmonella vaccine strain BRD915. The Influence of 
temperature shifts on the different promoters is shown in 
Figure 7. Temperature shifts from 30 «C to 37 *C (Figure 7A) 
resulted in an increase in 5 -gal enzyme units when lacZ was 
expressed from the nirB and htrA promoters. Ho significant 
increase lo «-gal units was detected from the oroE promoter. 
A temperature shift from 30'C to 42* resulted in an increase 
in the number of 6 -gal units from all three promoters. The 
rate of the increase in the level of fl-gal was faster from 
htrA and nirB compared with groE (Figure 7B). Temperature 
shifts from 37-C to 42 «C resulted in the induction of both 
nirB and htrA promoters, with more moderate increase in 6 -gal 
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Expression of «-gal from the different promoters was also 
tested by selecting for bacteria that had entered eultaryotic 
cells. HEp-2, Caco-2 and TKP-l macrophage cell lines were 
infected with 10» bacteria and incubated at 30*C. The number 
of 8 -gal units, determined three hours after infection of HEp- 
2, showed that expression of lacZ from both htrA and nirB 
promoters was significantly enhanced (Figure 2). However 
there was no detectable increase in lacZ expression from groE 
promoter. Similar results were obtained in infected Caco-2 
cells (not shown). m contrast, ia tha macrophage's 
intracellular environment, all three promoters were induced 
(Figure 8). nirB promoter was most affected and oroE promoter 
was least affected (Figure 8). When the number of o-gal units, 
in the extra-cellular medium of either cell line was 
determined, no Increase in the enzyme activity was seen (not 
shown) . 

Since growth within macrophages was found to influence 
expression from all three promoters, their sensitivity to 
hydrogen peroxide, commonly found within the phagosome of 
macrophages, was monitored. Incubating the bacteria at 30 'C 
in 100 uH hydrogen peroxide resulted In no significant effect 
on the oroE and nirB promoters. In contrast, the level of 6- 
gal w*. increased from the htrA promoter reaching 10 U above 
base-line level by 4 hours. This was followed by a rapid 
decrease to base-line levels by 6 hours (not shown). 
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Constitutive expression of lacZ from plesmid pLK [M. Sxabo at 
-1 J. Bacteriol. 174. 724S-7252] w., not significantly 
affected by any of the environmental conditions (not shown). 

In this study three environmentally regulated promoters 
were used to express lact gene under different growth 
conditions. . The promoters are representatives of three 
classes of inducible bacterial promoters: the anaeroblcally 
inducible E. coll nlrB. the o* dependent htrA and c«-dependent 
aroE. Expression from the nlrB promoter is dependent on the 
transcription factor FNB which binds between positions -52 and 
-30 upstream from transcription start. In some cases FHB 
dependent transcription is modulated together with a second 
transcription factor HarL. However, plasmid pTETnir-15 used 
here contains only the FKR dependent bind site. 

Bacterial respond to environmental stress conditions by 
rapid change in the rate of synthesis of many proteins. In 
many cases the transit induction rapidly adjusts the protein 
levels to a new steady state. In this study we tested the 
influence of environmental conditions on the level of 8 -gal. 
We found that temperature shift had a greater effect on htrA 
promoters compared with groE . This result is in line with the 
fact that in vivo the htrA promoter is induced before oroE 
(which is (^'-dependent) and together with c 32 , by o* containing 
RNA polymerase [11, 12]. Surprisingly, the nlrB promoter was 
also enhanced by elevated temperature. Although it is 
. possible that at high temperature the concentration of oxygen 
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in the growing media is reduced the fact that the temperature 
shift from 30*C to 37 'C brings rapid increase in the 6 -gal 
units expressed from the nlrB promoter may suggest that FNR, 
like other stress protein modulators, responds to a number of 
environmental stimuli. Similarly, htrA was also induced under 
anaerobic growth conditions, and therefore it seems that this 
promoter is either being regulated by factors other than o 1 , 
or that o 1 is being activated also at low oxygen tension. 

For S. tvohl murium to retain virulence the bacteria has 
to be able to survive in macrophages. This survival is 
dependant on the ability of the bacteria to tolerate a range 
of toxic killing mechanisms including the production of 
hydrogen peroxide. Unlike E. coll htrA mutants, 
typhlmurium htrA mutants have been found previously not to be 
killed by elevated temperature, but rather to have impaired 
ability to survive significant levels of hydrogen peroxide. 
Interestingly, the htraA promoter was the only one of the test 
promoters whose expression was increased in the presence of 
hydrogen peroxide. 

In order to determine the Influence of the intracellular 
environment, the level of expression from the three different 
promoters was monitored after Salmonella harbouring the test 
plasm! da had entered a number of different cultured eukaryotic 
cell lines. Bacteria were grown In vitro and used to Infect 
eukaryotic cells at 30*C since a temperature shift from 30'C 
' to 37 -c dramatically induced both the htrA and the nlrB 
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promoters. We found that while the level of 6 -gal expression 
from both the nlrB and htrA promoters increased in all the 
cell lines tested, groE promoter was induced only in infected 
macrophages . 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
(1) APPLICANT : 

(A) NAME: MEDEVA HOLDINGS BV 

(B) STREET: CHUKCHI LL-LAAN 223 

(C) CITY: AMSTERDAM 

(t) COUNTRY: THE NETHERLANDS 
(F) POSTAL CODE (ZIP): 1078 ED 
(ii) TITLE OF INVENTION: VACCINES 
(ill) NUMBER OF SEQUENCES: 7 
(iv) COMPUTER READABLE FORK: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC conpttibl* 

(C) OPERATING SYSTEM: PC -DOS /MS-DOS 

(0) SOFTWARE: Pitintla Rsltste #1.0, V«r*ion 11-25 (EPO) 
(vi) PRIOR APPLICATIOH DATA: 

(A) APPLICATION NUMBER: C8 9401795.1 

(B) FILING DATE: 31 -JAN- 1994 
(2) INFORMATION FOR 5 £0 ID NO: 1: 

(11 SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 55 bsse psirt 

(B) TYPE: aacWic acid 

(C) STRANDEDKES5: sin?!* 
(0) TOPOLOGY: llmar 
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(ii) MOLECULE TYPE: DNA (genooic) 
(ill) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: KO 
(vi) ORIGINAL SOURCE: 

(A] ORQUriSH: Salaonella typhimirluii 

(ix) FEATURE: 

(A) MAKE/KEY: p remoter 

(B) LOCATION: 1..S5 

(*i) SEQUENCE DESCRIPTION: SEQ ID KO: 1: 
AATTCTATTC CCCAACTTCC CCTTATAAAA TGAATCTGAC GTACACACCA ATTTA 55 
(2) INFORMATION FOR SEQ ID KO: 2: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 55 base pairs 
(S) TYPE: nuclaic acid 

(C) STRANDEDNESS : sing la 
(0) TOPOLOGY; linaar 

(ii) MOLECULE TYPE: DNA (genanic) 
(ill) HYPOTHETICAL: MO 
(iii) ANTI-SENSE: KO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AATTCTATTC CCCAACTTCC CCTTATAAAA TGAATCTGAC GTACACACCA ATTTA 55 
(2) INFORMATION FOR SEQ ID KO: 3: 
(ij SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single " 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DKA (ganoaic) 
(iii) HYPOTHETICAL: KO 
(iii) ANTI-SENSE: YES 

Ui) SEQUENCE DESCRIPTION: SEQ ID KO: 3: 
GATAAGCCCT TGAAGCGCAA TATTTTACTT ACACTCCATC TGTCCTTAAA TCTAG 55 
(2) IKFORKATIOK FOR SEQ ID KO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3712 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(DJ TOPOLOGY: circular 

(ii) MOLECULE TYPE; DNA (genoaic) 
(ill) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: KO 
(ix) FEATURE: 

(A) NAME/KEY: btrA promoter 

(B) LOCATION: 1..55 
(lx) FEATURE; 

(A) NAME/KEY: SacII restriction site 

(B) LOCATION: 513 
(lx) FEATURE: 

(A) HAMS/KEY: AlvN 1 restriction site 

(B) LOCATION: 223S 

(xl) SEQUENCE DESCRIPTION: SEQ ID KO: 4: 
AATTCTATTC CCCAACTTCC CCTTATAAAA TGAATCTGAC GTACACACCA ATTTAGATCT 60 
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TAATCATCCA CAGCAGACTT TCTGATGAAA AACCTTGATT CTTCGGTCGA CAACGAAGAA 120 

GACATCGATG TTATCCTGAA AAAGTCTACC ATTCTCAACT TGCACATCAA CAACGATATT 180 

ATCTCCCACA TCTCTCCTTT CAACTCCTCT GTTATCACAT ATCCACATCC TCAATTGCTC 240 

CCCGGCATCA ACCCCAAACC TATCCACCTG GTTAACAACC AATCTTCTGA ACTTATCCTC 300 

CACAAGGCCA TGCACATCGA ATACAACSAC ATGTTCAACA ACTTCACCCT TAGCTTCTGG 360 

CTGCGCGTTC CCAAAGTTTC TGCTTCCCAC CTGGAACACT ACGGCACTAA CGAGTACTCC 4 20 

ATCATCAGCT CTATGAACAA ACACTCCCTC TCCATCGGCT CTGGTTGGTC TGTTTCCCTG 480 

AAGGGTAACA ACCTGATCTG GACTCTCAAA CACTCCCCCC CCGAACTTCC TCAGATCACT 540 

TTCCCCCACC TCCCGCACAA GTTCAACCCC TACCTGGCTA ACAAATGGGT TTTCATCACT 600 

ATCACTAAC6 ATCGTCTCTC TTCTCCTAAC CTGTACATCA ACCCCCTTCT GATCCCCTCC 660 

CCTGAAATCA CTGCTCTGGC CGCTATCCGT GAGCACAACA ACATCACTCT TAAGCTCGAC 720 

CCTTCCAACA ACAACAACCA CTACGTATCC ATCGACAACT TCCCTATCTT CTGCAAAGCA 780 

CTGAACCCGA AAGACATCGA AAAACTGTAT ACCAGCTACC TGTCTATCAC CTTCCTGCCT 340 

GACTTCTGCG CTAACCCGCT GCGTTACGAC ACCCAATATT ACCTGATCCC CGTAGCTTCT 900 

AGCTCTAAAG ACCTTCAGCT GAAAAACATC ACTGACTACA TCTACCTGAC CAACGCGCCG 960 

TCCTACACTA ACGGTAAACT GAACATCTAC TACCGACGTC TGTACAACGG CCTCAAATTC 1020 

ATCATCAAAC GCTACACTCC GAACAACGAA ATCGATTCTT TCCTTAAATC TGGTGACT7C 1080 

ATCAAACTGT ACCTTTCTTA CAACAACAAC GAACACATCG TTGGTTACCC GAAAGACCGT 1140 

AACGCTTTCA ACAACCTGGA CAGAATTCTG CGTGTTGGTT ACAACGCTCC GCCTATCCCG 1200 

CTGTACAAAA AAATGGAAGC TGTTAAACTG CGTCACCTGA AAACCIACTC TGTTCAGCTG 1260 

AAACTGTACC ACCACAAAAA CCCTTCTCTC GGTCTGCTTG CTACCCACAA CGCTCAGATC 1320 

CGTAACGACC CGAACCGTGA CATCCTCATC GCTTCTAACT GGTACTTCAA CCACCTCAAA 1380 

GACAAAATCC TCGGTTGCGA CTGGTACTTC GTTCCGACCG ATGAAGGTTG GACCAACGAC 1440 

TAAGGATCCG CTAGCCCGCC TAATGAGCGG GCTTTTTTTT CTCCGGCACC GTTGGGTCCT 1500 

GGCCACGGGT CCGCATCATC GTGCTCCTGT CGTTGAGGAC CCGGCTACGC TGGCGGGGTT 1S60 

GCCTTACTCG TTAGCAGAAT GAATCACCCA TACGCCAGCG AACCTGAACC CACTGCTGCT 1620 
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CCAAAACGTC TGCGACCTGA GCAACAACAT GAATGGTCTT CGGTTTCCGT CTTTCGTAAA 1660 
GTCTGGAAAC GCGGAAGTCA CCCCTCTTCC CCTICCTCGC TCACTCACTC GCTGCGCTCG 1740 
CTCGTTCCGC TCCCGCGAGC GGTATCAGCT CACTCAAACG CCGTAATACG GTTATCCACA 1800 
GAATCAGGGG ATAACGCAGG AAACAACATG TGAGCAAAAG GCCAGCAAAA GGCCACGAAC I860 
CGTAAAAAGG CCGCGTTGCT GGCGTTTTTC CATAGGCTCC CCCCCCCTGA CGAGCATCAC 1920 
AAAAATCGAC GCTCAAGTCA CAGGTCGCCA AACCCCACAG GACTATAAAG ATACCAGGCG 1980 
TTTCCCCCTC GAAGCTCCCT CGTGCGCTCT CCTGTTCCG1 CCCTGCCGCT IACCGGATAC 2040 
CTGTCCGCCT TTCTCCCTTC CGGAAGCCTG CCGCTTTCTC AATGCTCACG CTCTACCTAT 2100 
CTCAGTTCCG TGTAGGTCGT TCCCTCCAAG CTGGGCTGTG TGCACGAACC CCCCGTTCAG 2160 
CCCGACCCCT GCGCCTTATC CGGTAACTAT CGTCTTCAGT CCAACCCGCT AAGACACGAC 2220 
TTATCGCCAC TGGCAGCAGC CACTCGTAAC AGCATTAGCA CAGCGAGGTA TCTACGCGCT 2280 
GCTACAGACT TCTTGAACTG GTGGCCTAAC TACGGCTACA CTAGAAGGAC AGTATTTGGT 2340 

ATCTGCGCTC TCCTGAAGCC AGTTACCTTC GGAAAAAGAC TTCCTAGCTC T7GATCCGGC 2400 

AAACAAACCA CCGCTCGTAG CGCTGCTTTT TTTGTTTGCA AGCAGCAGAT TACCCGCAGA 2460 . 

AAAAAACCAT CTCAAGAAGA TCCTTTGATC TTTTCTACGG GGTCTGACCC TCAG7GGAAC 2520 

GAAAACTCAC CTTAACGGAT TTTGGTCATG AGATTATCAA AAAGGATCTT CACCTAGATC 2580 

CTTTTAAATT AAAAATGAAG TTTTAAATCA ATCTAAAGTA TATATCAGTA AACTTGCTCT 2640 

CACAGTTACC AATGCTTAAT CAGTGAGGCA CCTATCTCAC CGATCTCTCT ATTTCGTTCA 2700 

TCCATAGTTG CCTGACTCCC CGTCGTCTAG ATAACTACGA TACGCCAGCG CTTACCATCT 2760 

GGCCCCAGTC CTGCAATGAT ACCCCGAGAC CCACGCTCAC CGGCTCCACA TTTATCAGCA 2820 

ATAAACCAGC CAGCCGGAAG GCCCCACCCC ACAACTGGTC CTCCAACTTT ATCCGCCTCC 2880 

ATCCACTCTA TTAATTGTTC CCGGCAACCT ACACTAACTA CTTCGCCACT TAATACTTTC 2940 

CCCAACGTTG TTGCCATTGC TGCAGGCATC GTGGTGTCAC GCTCCTCCTT TGGTATCGCT 3000 

TCATTCACCT CCGGTTCCCA ACGATCAAGG CGAGTTACAT GATCCCCCAT GTTGTCCAAA 3060 

AAAGCCCTTA GCTCCTTCCG TCCTCCCATC CTTCTCAGAA GTAAGTTGGC CGCAGTGTTA 3120 

TCACTCATCC T7ATCGCAGC ACTGCATAAT TCTCTTACTG TCATGCCATC CGTAACATCC 3180 
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T7TTCTCTGA CTCCTGACTA CTCAACCAAG TCATTC7GAG AATAGTGTAT GCGGCGACCG 3240 
ACTTCCTCTT GCCCGGCCTC AACACGGCAT AATACCGCGC CACATACCAG AACTTTAAAA 3300 
CTGCTCATCA TTGGAAAACG TTCTTCGSGG CGAAAACTCT CAAGGATCTT ACCGCTCTTG 3360 
ACATCCACTT CGATGTAACC CACTCCTCCA CCCAACTGAT CTTCAGCATC TTTTACTTTC 3420 
ACCACCCTTT CTGGCTGAGC AAAAACAGGA AGGCAAAATG CCGCAAAAAA GGGAATAAGG 3480 
GCGACACGG* AATGTTGAAT ACTCAIACTC TTCCTTTTTC AATATTATTG AAGCATTTAT 3540 
CAGCCTIATT GTCTCATGAG CGGATACATA TTTGAATGTA TTTAGAAAAA TAAACAAATA 3600 
GGGGTTCCGC GCACAITTCC COGAAAAGTG CCACCTCACG TCTAAGAAAC CATTATTAXC 3660 
ATGACATTAA CCTATAAAAA TAGGCGTATC ACCAGGCCCT TTCGTCTTCA AG 3712 
(2) INFORMATION FOB $EQ 10 KO: S: 
(1) SEQUQtCE CHARACTERISTICS: 

(A) LENGTH : 3769 bill p*lrs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS : doubltt 

(D) TOPOLOGY : circular 
(il) MOLECULE TYPE: DMA (gtnonic) 

(ill) HYPOTHETICAL: HO 

(111] AW7I-SEKSE: KO 
(xi) SEQUEXCE OESCRimOK: SEQ 10 KO: 5: 
TTCACGTAAA TTTGATCTAC ATCAAATCGT ACCCCTTCCT GAATCGTTAA GGTAGCCGGT 60 
ACCGCCCACA TCTTAATCAT CCACAGGAGA CTTTCTGATG AAAAACCTTG ATTGTTCCGT 120 
CCACAACGAA GAAGACATCG ATGTTATCCT CAAAAAGTCT ACCAT7CTGA ACTTGGACAT 180 
CAACAACCAT ATTATCTCCC ACATCTCTGG TTTCAACTCC TCTGTTATCA CATATCCAGA 240 
TCCTCAATTG GTGCCGGGCA TCAACGGCAA AGCTATCCAC CTCGTTAACA ACGAATCTTC 300 
TGAACTTATC GTGCACAAGG CCATCGACAT CGAATACAAC GACATGTTCA ACAACTTCAC 360 
CCTTAGCTTC TGGCTGCGCG TTCCGAAAGT TTCTGCTTCC CACCTGGAAC AGTACGGCAC 420 
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TAACGACTAC TCCATCATCA GCTCTATGAA GAAACACTCC CTGTCCATCG GCTCTGGTTG 480 

CTCTCTTTCC CTGAACGGTA ACAACCTGAT CTC6ACTCTG AAAGACTCCC CGGGCCAAGT 540 

TCCTCAGATC ACTTTCCGCG ACCTGCCGGA CAAGTTCAAC GCCTACCTGG CTAACAAATC 600 

GGTTTTCATC ACTATCACTA ACCATCCTCT GTCTTCTGCT AACCTCTACA TCAACGGCGT 660 

TCTCATGGGC TCCGCTCAAA TCACTGGTCT GGGCCCTATC CGTGACGACA ACAACATCAC 720 

TCTTAAGCTG GACCGTTGCA HCAACAA C AA CCACTACCTA TCCATCCACA AGTTCCCTAT 7B0 

CTTCTCCAAA GCACTCAACC CGAAAGAGAT CGAAAAACTG TATACCAGCT ACCTGTCTAT 840 

CACCTTCCTG CGTCACTTCT CCGCTAACCC CCTGCCTTAC GACACCGAAT ATTACCTCAT 900 

CCCGCTAGCT TCTAGCTCTA AAGACCTTCA CCTCAAAAAC ATCACTGACT ACATGTACCT 960 

GACCAACGCG CCGTCCTACA CTAACGGTAA ACTGAACATC TACTACCCAC CTCTCTACAA 1020 

CGGCCTGAAA TTCATCATCA AACGCTACAC TCCCAACAAC GAAATCGATT CT7TCGTTAA 1080 

ATCTGGTCAC TTCATCAAAC TGTACGTTTC TTACAACAAC AACGAACACA TCCTTGGTTA 1140 

CCCGAAAGAC GCTAACGCTT TCAACAACCT GGACAGAATT CTGCGTGTTG GTTACAACGC 1200 

TCCGGGTATC CCGCTGTACA AAAAAATGGA AGCTCTTAAA CTGCGTCACC TGAAAACCTA 1260 

CTCTCTTCAG CTGAAACTGT ACCACCACAA AAACGCTTCT CTGGCTCTCG TTGGTACCCA 1320 

CAACGGTCAG ATCGGTAACC ACCCGAACCC TGACATCCTG ATCGCTTCTA ACTCCTACTT 1380 

CAACCACCTC AAAGACAAAA TCCTCGGTTG CGACTGCTAC TTCCTTCCCA CCGATGAAGG 1440 

TTGGACCAAC CACGGGCCGG GGCCCTCTAC AGCATCCGAT ATCAAGCTTA CTACTTAATC 1500 

ATCCGCTACC CCGCCTAATG AGCGGGCTTT TTTTTCTCCG CCACCCTTGG CTCCTCGCCA 1560 

CGGGTGCGCA TGATCCTCCT CCTGTCGTTG AGCACCCGGC TAGCCTGGCG GGGTTCCCTT 1620 

ACTCGTTACC AGAATGAATC ACCCATACGC CACCCAACGT GAACCCACTG CTCCTGCAAA 1680 

ACCTCTGCCA CCTCAGCAAC AAC&TGAATG GTCTTCGGTT TCCGTCTTTC CTAAACTCTG 1740 

CAAACGCGGA AGTCACCGCT CTTCCGCTTC CTCGCTCACT GACTCGCTGC GCTCGCTCCT 1B00 

TCGGCTGCCG CGACCCCTAT CACCTCACTC AAAGGCGGTA ATACCGTTAT CCACAGAATC 1860 

AGCGGATAAC CCACGAAAGA ACATGTCAGC AAAACGCCAG CAAAAGCCCA GGAACCCTAA 1920 

AAAGGCCGCG TTGCTCGCGT TTTTCCATAG GCTCCCCCCC CCTGACCACC ATCACAAAAA 1980 
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TCCACGCTCA AGTCAGAGGT GGCGAAACCC CACAGGACTA TAAAGATACC AGGCGTTTCC 
CCCTGCAACC TCCCTCCTGC CCTCTCCTGT TCCGACCCTC CCCCTTACCC GATACCTCTC 2100 
CCCCTTTCTC CCTTCCGGAA GCCTGGCCCT TTCTCAATGC TCACGCTCTA GGTATCTCAG 2160 
TTCGCTGTAC CTCCTTCGCT CCAAGCTGGG CTGTGTGCAC GAACCCCCCG TTCAGCCCGA 
CCGCTGCSCC TTATCCGCTA ACTATCGTCT TGAGTCCAAC CCGCTAAGAC ACGACTTATC 
GCCACTGGCA GCAGCCACTG GTAACAGGAT TAGCAGAGCG AGGTATCTAC CCOCTCCTAC 
AGACTTCTTC AACTGGTGGC CTAACTACCG CTACACTACA AGGACAGTAT TTCCTATCTC 
CGCTCTGCTG AACCCACTTA CCTTCGGAAA AAGACTTCCT AGCTCTTCAT CCSCCAAACA 



2040 



2220 
2280 
2340 
2400 



2460 



AACCACCCCT CGTAGCGGTC C1H1UH.I TTCCAAGCAG CAGATTACCC GCAGAAAAAA 2520 

AGGATCTCAA CAACATCCTT TCATCTTTTC TACGGGGTCT CACGCTCACT GGAACGAAAA 25S0 

CtCACCTTAA GGCATTTTGG TCATGAGATT ATCAAAAAGG ATCTTCACCT AGATCCTTTT 2540 

AAATTAAAAA TCAAGTTTTA AATCAATCTA AACTATATAT CAGTAAACTT GGTCTGACAG 2700 

TTACCAATGC TTAATCACTC AGCCACCTAT CTCAGCGATC TGTCTATTTC CTTCATCCAT 2760 

AGTTGCCTGA CTCCCCGTCC TGTAGATAAC tACGATACCG GAGGCCTTAC CATCTGGCCC 2fl20 

CACTCCTGCA ATGATACCGC GAGACCCACC CTCACCGCCT CCAGATTTAT CAGCAATAAA 2BS0 

CCAGCCACCC GGAACGGCCC AGCGCAGAAG TCGTCCTCCA ACTTTATCCC CCTCCATCCA 2940 

CTCTATTAAT TCTTGCCGGC AAGCTAGACT AACTACTTCC CCAGTTAATA CTTTGCCCAA 3000 

CCTTGTTGCC ATTCCTCCAC GCATCCTGCT CTCACCCTCC TCGTTTGGTA TCGCTTCATT 3060 

CAGCTCCCCT TCCCAACGAT CAAGGCGACT TACATCATCC CCCATCTTCT GCAAAAAAGC 3120 

CGTTAGCTCC TTCCCTCCTC CGATCGTTGT CAGAAGTAAG TTGGCCCCAC TGTTATCACT 3180 

CATGGTTATC CCAGCACTGC ATAATTCTCT TACTCTCATG CCATCCGTAA GATSCTTTTC 3240 

TGTGACTGCT CAGTACTCAA CCAACTCATT CTGAGAATAC TGTATGCGGC GACCGAGTTC 3300 

CTCTTCCCCG GCGTCAACAC CGGATAATAC CGCGCCACAT ACCAGAACTT TAAAAGTCCT 3360 

CATCATTGGA AAACCTTCTT CGGGGCGAAA ACTCTCAACC ATCTTACCGC TCTTGAGATC 3420 

CACTTCCATC TAACCCACTC CTGCACCCAA CTCATCTTCA CCATCTTTTA CTTTCACCAC 3460 

CGTTTCTGGG TCACCAAAAA CACCAACGCA AAATGCCGCA WIAAACGGAa'tAAGGCCGAC 3S40 
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ACCCAAATCT TGAATACTCA TACTCTTCCT TTTTCAAtAT TATTGAACCA TTTATCACGG 3600 
TTATTCTCTC ATGAGCGGA7 ACATATTTGA ATGTATTTAG AAAAATAAAC AAATAGGGGT 3660 
TCCGCGCACA TTTCCCCCAA AAGTCCCACC TCACCTCTAA GAAACCATTA TTATCATGAC 3720 
ATTAACCTAT AAAAATAGGC G7ATCACGAG GCCCTTTCGT CTTCAAGAA 3769 
(2) IKFORMATIOH FOR SEQ ID KO: «: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1766 £>«»• p*ir« 

(BJ TYPE: nuclftic ecld 

(C) STRAVDEDKISS: doublt 

(0) TOPOLOGY: lluir 
(ii) MOLECULE TYPE: DMA (gvnOBlc) 

(Hi) hypothetical: xo 

(iii) ANTI -SENSE: KO 

(») FRAGMENT TYPE: internal 
(ix) FEATURE: 

<A) MAHE/KEY: hing* region 
(B) LOCATION: 923.. 934 
(ri) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CGGCGAACTT CCTCAGATCA CTTTCCCCGA CCTCCCGGAC AAGTTCAACC CCTACCTGGC 60 
TAACAAATGG GTTTTCATCA CTATCACTAA CGATCCTCTC TCTTCTGCTA ACCTGTACAT 120 
CAA C CG C CTT CTCATGGGCT CCGCTGAAAT CACTGGTCTG CGCCCTATCC CTCAGCACAA ISO 
- CAACATCACT CTTAASCTGG ACCCTTCCAA CAACAACAAC CAGTACCTAT CCATCGACAA 240 
CTTCCGTATC TTCTCCAAAG CACTCAACCC GAAAGAGATC GAAAAACTCT ATACCACCTA 300 
CCTCTCTATC ACCTTCCTCC GTGACTTCTG GCCTAACCCG CTGCCTTACG ACACCGAATA 360 
TTACCTGATC CCGCTAGCTT CTAGCTCTAA AGACGTTCAG CTGAAAAACA TCACTCACTA 420 
CATGTACCTG ACCAACGCGC CGTCCTACAC TAACGGTAAA CTGAACATCT ACTACCCACG 460 
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TCTCTACAAC CCCCTGAAAT TCATCATCAA ACGCTACJICT CCGAACAACC AAATCGATTC 540 
TTTCGTTAAA TCTCCTCACT TCATCAAACT CTACGTTTCT TACAACAACA ACCAACACA? 600 
CGTTGGTTAC CCCAAAGACC CTAACCCTTT CAACAACCTC CACAGAA7TC rSCCTCTTCC 660 
TTACAACGCT CCCCCTATCC CCCTCTACAA AAAAATGGAA CCTCTTAAAC TCCCTGACCT 720 
CAAAACCTAC TCTGTTCACC TCAAACTGTA CGACGACAAA AACCCTTCTC TCCCTCTCCT 780 
TGCTACCCAC AACGCTCAGA TCCCTAACGA CCCGAACCCT GACATCCTGA TCCCTTCTAA 840 
CTGCTACTTC AACCACCTCA AACACAAAAT CCTCGGTTCC GACTGGTACT TCGTTCCGAC 900 
CCATGAAGCT TCCACCAACC ACCCCCCCCC CCCCTCTAGA GGATCCGATA TCAACCT7AC 960 
TACTTAATGA TCCCCTACCC CGCCTAATCA GCGCGCTTTT TTTTCTCGM CACCCTTCOG 1020 
TCCTGGCCAC GGGTGCGCAT CATCCTCCTC CTGTCGTTGA GGACCCGGCT AGGCTGGCCC 1080 
CCTTCCCTTA CTCCTTACCA CAATGAATCA CCGATACGCC AGCCAACCTG AAGCCACTGC U40 
TCCTCCAAAA CCTCTGCCAC CTCAGCAACA ACATCAATGG TCTTCCGTTT CCGTCTTTCG 1200 
TAAACTCTGG AAACCCCGAA CTCAGCCCTC TTCCGCTTCC TCCCTCACTG ACTCCCTCCC 1260 
CTCCCTCCTT CCCCTCCCCC CACCCCTATC AGCTCACTCA AACGCGCTAA TACCCTTATC 1320 
CACACAATCA CGGCATAACG CAGGAAAGAA CATCTCAGCA AAAGGCCAGC AAAAGGCCAC 
CAACCCTAAA AAGCCCGCGT TCCTCCCCTT TTTCCATAW CTCCCCCCCC CTGACCACCA 
TCACAAAAAT CCACCCTCAA GTCAGAGGTG GCCAAACCCG ACAGGACTAT AAAGATACCA 
GCCCTTTCCC CCTGGAAGCT CCCTCCTCCG CTCTCCTCTT CCGACCCTGC CGCTTACCGC 
ATACCTCTCC GCCTTTCTCC CTTCCGGAAG CGTGGCGCTT TCTCAATCCT CACGCTGTAC 
GTATCTCACT TCGGTGTAGG TCCTTCCCTC CJUWCTGCCC TCTGTGCACC AACCCCCCCT 1680 
TCAGCCCGAC CGCTGCCCCT TATCCGCTAA CTATCCTCTT GACTCCAACC CCCTAAGACA 
CGACTTATCG CCACTGGCAG CACCCA 
(2) INFORMATION FOB SEQ 10 NO: 7: 
(1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1736 base pairs 

(B) TYPE: aucUic acid * 
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(D) TOPOLOGY: linear 
(11) MOLECULE TYPE: DNA (genomic) 
(v) FRAGMENT TYPE: Internal 
(xi) SEQUENCE DESCRIPTION: SEQ ID KO: 7: 
GGCGGCCTAC GCGATTGACC CCACCCCGCC GGGCGCCATG TACGGCAACC ACATCACCCT 
GCTCTCCAGC GATTCAGGCC TGGCCCTGCG CCACCTCGGC ACCCTCTCCT CGCCATCGGC 
CATCACCCTC TCCTCGCAGC GCGAAATCGC CCTCGGCGAC GCCACCGTCC AGCCCGGCCC 
GCTCAGCCTC AAGGGCCCGG GGCTCCTGTC GGCCGGCAAA CTGGCCTCCG GGGGGGGGGC 
GGTGAACGTC GCCCGCCGCG GGGCGGTGAA GATCGCGTCG CCCAGCAfiCC TTGGAAACCT 
CCCCGTCCAA GGCGGCGGCA AGGTACAGGC CACGCTGTTG AATCCCGGCG CCACCTTCCT 
CCTCTCCGCC CGCCACGCCG TCCACCTTGC CGCGGCGAGC AGCCGTCAGG CGCTGTCCGT 
GAACCCGGGC CCCCCCCTCA AGGCGGACAA GCTCTCGGCG ACCCCACCGG TCCACCTGGA 
TCGCAAGCAG GCCCTCGCGC TCGCCTCGGC CAGCAGCAAT CCGCTGTCGG TGCCTGCCGC 
CCCCGCCCTC AAGGCGGCCA AGCTGTCGGC GACGGGGCGA CTGGACGTGG ACGGCAAGCA 
CCCCCTCACG CTGGGTTCGG TTCCCACCCA CGCTGCGCTG TCGCTAAGCG CTGCCGGAAA 
CCTGCGGGCG AACGAATTGG TCTCCAGTGC CCAACTTCTG GTGCCTGCCC AGCCGGAGCT 
CGCCCTCCAT GACGCTTCGA GCGCACCCGG CATCACCCTC CTTGCCCCAG CAGCGCTCGC 
(KCCCGCAAC CTCCAGTCCA ACCCCCCCAT CGCCCTACAG CGTCCACAGC CCCTCACCCT 840 
CGCCAACGCC JUU*GCGACG CGGAATTCCG CGTCCCCGGC CGCGCCCAGG TGGATCTGCA 900 
COICCTGACC GCAGCCCCCC CCCCGCAIAT CTCCCGCGAG GGGCGCGTCA ATATCGGCCG 960 
TCCCCGCACC CATAGCCATG TCAACGTCTC CCCCCACCGC CCCTTCTCGA TCGATACCAT 1020 
CACCCCCCTC CCTCCCATCG GCGTCCAGGC ACGCCCCAGC CTCTCCCCCA ACGATATCCG 1060 
CACCCCTCCC CCCGTCACCG TCACCCCCGC CCGCCCCCTC JUICCTCCCCG ATGTCCAGTC 1140 
CGATGGGCAC CTCCCCCCCA CCAGCGCGCC CGCCATCACC CTCCCACACG TCGCGGCTCC 1200 
CGCCCACCTT CCCCTGCAGG CGCGCGACGC CTTGCACGCC GGGTTCCTGA AATCCCCCGG 1260 
TCCCATCACC CTGAACCCCC GCCATCCCCT CCGACTCGAT CCCGCGCACG CCGCCCCGCA 1320 
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ATTCCCGCTT TCCAGCGACG GGCAGCCTGC CTTCGGCACT CTCGCCCCCA AGGGCGACCr 1380 

CACGCTArCG CCCGCCCCCC CGGCCACCCT CGCCCAGTTC AAGTCCCTCC ACAACATCTC »« 

CCTCACGGCC GCCCAACGCG TCTCGCTTCA GAGCGTCAAC AGCGCCTCCA GGCTCGCCAT 1500 

TTCGCCGCAC CGCGCGCTCC ATCTAGCCAA CCTTTCCCCC AAGACCGCTA TCGGGCTCGA 1560 

AflCCTCGCGC CCCCTCCCAC CCGACTCCCI CCCTTCCCAC GGCGCGATCA GCCTCTCCGG 16*0 

CCGCCATCCO CTCACCCTCC ATCAACCCCC CACTCTTCCC CACATTTCCC TCCCGCCCGA 1660 

ACGCCCCCCC ACGCTCGGCC CGCTGGAGGC CGCCGGTTCC ATCGACCTCC CCCCCC 1736 
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CLAIMS 



3. 



S. 



A DHA construct comprising the btrA proaoter sequence operably 
linked to a DMA sequence encoding one or sore heterologous proteins. 

A OKA construct according to Clais) 1 wherein the htrA proaoter 
sequence Is operablv linked to a DKA sequence encoding • fusion 
protein of two or nor* proteins. 

A DMA construct according to Clain 2 wherein the proteins uklng tip 
the fusion are linked by nears of a flexible hinge region. 

A DKA construct according to Clain 3 wherein the htrA proaoter is 
ope r ably linked to i DU sequence encoding first and second 
heterologous proteins wherein the first heterologous protein is an 
antigenic sequence coop rising tetanus toxin fragment C or on* or 
oore epitopes thereof. 

A replicable expression victor, e.g. suitable for use in bacteria, 
containing a OKA construct as defined in any one of the preceding 
Claists. 

A process for the preparation of an attenuated baeteriua which 
comprises traasforaing an attenuated bacteriua with a replicable 
^expression vector as defined ia Claia I. 
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A boat cell containing in either chromosomal or extra-chromosomal 
form, a DMA construct as defined in any en of Claim 1 to 4. 



A host cell according to Clsia 7 which is en attenuated bacterloa. 



A vaccine composition comprising an attenuated bacterium as defined 
in Claim t, or a fusion protein expressed from a construct es 
defined in any one of Claims 1 to 4, and a pharmaceutical ly 
acceptable carrier. 



A method of treatment or prophylaxis of infection in a mammal, e.g. 
a human, which method comprises administering to the oasaal an 
effect ire amount of a vaccine composition as defined in Claim 9. 
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